During prolonged periods of high energy expenditure (EE), restricted food intake can lead to a loss of body mass. This case study describes the preexpedition support for an unsupported 3-wk crossing of the Atacama Desert in Chile. The goals were to simulate the energy requirements of walking under varying conditions and to predict energy intake and EE to evaluate whether the expected weight loss was in acceptable limits. The expeditionist (male, 35 yr, 197 cm, basal weight 80 ± 0.5 kg) was a well-trained endurance athlete with experience of multiple expeditions. During the simulation, he walked on a treadmill at speeds of 2-7 km/hr under varying conditions of inclination (0%, 7.5%), backpack weight (0 kg, 30 kg), and altitude (sea level, simulated altitude of 3,500 m). Under all conditions, the lowest EE was observed at 5 km/ hr. Based on the simulation data, we predicted an average EE of 4,944 kcal/day for the expedition. Because energy intake was restricted to 2,249 kcal/day, we expected the expeditionist to lose considerable weight and consequently advised him to gain 5 kg of body-fat reserves. During the actual desert crossing, he covered a distance of 26 ± 7 km/day at an average speed of 3.8 ± 0.4 km/hr. Daily EE (4,817 ± 794 kcal/day) exceeded energy intake (1,771 ± 685 kcal/day), and the negative energy balance was in agreement with the actual weight loss of 10.5 kg, which was most notable in the lower trunk.
The physiological demands of extreme expeditions, such as prolonged walking in desert regions, are considered to be near the human limits of endurance performance, because extremely high levels of energy expenditure (EE) have to be maintained over an extended time (Noakes, 2006) . There is only limited literature available, and most described expeditions were in polar regions (Frykman et al., 2003; St.-Pierre, Roy, & Tremblay, 1996; Stroud et al., 1997) or at high altitude (Rose et al., 1988; Westerterp, Kayser, Wouters, Le Trong, & Richalet, 1994) , but in general the limits of sustainable EE seem to be 6,000-9,000 kcal/day (Noakes, 2006; Westerterp, 2001) . When dietary energy intake was adequate during an expedition, body-mass losses were rather small (Frykman et al., 2003; O'Hara, Allen, & Shephard, 1977) , but when food supply is limited, weight loss is inevitable and may be as high as 25% (Stroud et al., 1997) . Based on a lowest tolerable fat reserve of 4-5% (Hoyt & Friedl, 2006) , these losses should be kept within reasonable limits.
This case report describes the preparation for and realization of an unsupported one-man crossing of the Atacama Desert in Chile. Despite a rather temperate climate, the Atacama is one of the driest places on earth.
The ground consists mostly of dry soil, and altitude varies between 900 m and 6,000 m above sea level (McKay, 2002) . There are few watering sites, so the expeditionist had to carry water for several days. Because of limited transport capacity, it was necessary to estimate energy intake and expenditure as closely as possible. Hence, we simulated walking under varying conditions and predicted the energy balance for the expedition. In addition, we monitored energy intake and EE during the expedition to assess whether our predictions were accurate.
The Subject
Six months before the start, the expeditionist contacted us and asked for nutritional support. During the consultation, he agreed to all necessary performance tests. In agreement with the guidelines for preparation of a case study, the subject was able to read the entire manuscript and gave written permission for publication, and his confidentiality was maintained.
The expeditionist was 35 years old, 197 cm tall, and weighed 80 ± 0.5 kg, with fat mass of 6.9 ± 0.1 kg. His body composition was assessed on a calibrated bioimpedance scale (BC 418 MA, Tanita, The Netherlands) at regular intervals. He was a well-trained endurance athlete who had participated in numerous endurance events such as Ironman triathlons, 24-hr bicycle races, and several long-distance walking, running, or bicycling expeditions on several continents. He consulted a physician before and after the expedition.
Overview of the Intervention Exercise Simulation
All tests were conducted 2-3 months before the expedition. Treadmill tests were performed on four separate occasions with at least 1 week between. The treadmill (Woodway, Germany) was started at 2 km/hr with 0% inclination. Every 5 min, speed was increased by 1 km/ hr until it reached 7 km/hr. Exercise was finished before completion of the 7-km/hr stage when gait changes were observed or the expeditionist was fatigued. After at least 15 min of rest, the test was repeated with 7.5% inclination. Tests were performed without additional weight (0 kg), with additional weight (30 kg), in simulated altitude (0 kg, 3,500 m), and with weight in simulated altitude (30 kg, 3,500 m). Additional weight of 30 kg was prepared with drinking bags in a backpack. Altitude was simulated in a normobaric hypoxic air chamber with an inspired O 2 fraction of 13.8%, corresponding to 3,500 m above sea level (Peacock, 1998) .
During the exercise, EE was calculated from gasexchange data (Weir, 1949) measured with an opencircuit spirograph (ZAN 600, Zan, Germany).
Step rate was recorded with a SenseWear Pro3 armband (BodyMedia, USA), and heart rate was monitored with a Polar S610 (Polar Electro, Finland). In altitude, oxygen saturation was measured with a portable pulse oximeter (Philips, Germany).
Preparation for the Expedition
To predict the energy requirements of the expedition, we used the simulation data for walking and data from the literature for nonactive phases (rest 1.1 MET, light work 1.5 MET, sleeping 0.95 MET; Ainsworth et al., 2000) . On average, we assumed a daily distance of 30 km, with 10 hr of sleep and the remaining time divided into rest and light work. Calculations were made with an average weight of 30 kg, 3,500 m of altitude, and the speed with the lowest EE.
In consideration of energy density, different freezedried meals and additional energy-dense foods were discussed during the consultation sessions, but selections were made by the expeditionist. Nutrient data were extracted from the German Nutrient Database (Bundeslebensmittelschlüssel, version II.3, Federal Research Institute of Nutrition and Food, Karlsruhe, Germany) when available. For freeze-dried meals, trekking foods, and sport foods, nutrient content was obtained from the manufacturers.
Expedition
The expeditionist flew to Santiago, Chile, 4 days before the expedition and took a bus to the departure city, San Pedro di Atacama. Body weight was measured 8 and 2 days before the start. The expedition lasted 25 days; because of gastrointestinal infection and subsequent exhaustion, the expeditionist was forced to rest on Days 9 and 10. During active phases, he wore the SenseWear armband to record activity and steps. EE was calculated on the basis of SenseWear records and simulation data. The expeditionist used a GPS (Garmin Geko 201) to confirm his position but did not record data continuously. During the expedition, nutrition and water intake were logged with a voice recorder. In the final 8 days before the expedition and during the recovery period (Days 26-40), the expeditionist used a validated nutrition and activity record (Koehler et al., 2010) to record his diet and activities. Body weight was assessed on Days 26, 28, 32 and 40. Body-weight measurements were performed with the bioimpedance scale on Day 8 before the expedition and on Days 28, 32, and 40. On Day 2 before and on Day 26, the expeditionist was only able to use a portable scale, which was equilibrated to the bioimpedance scale beforehand.
Segmental Morphology Assessment
In addition to bioimpedance, we assessed the expeditionist's morphology to detect relative changes in body composition. Measurements were performed with a three-dimensional full-body laser scanner (Vitronic, Wiesbaden, Germany) with a measurement volume of ~1.2 × 1.2 × 2.1 m 3 (length × width × height). Overall density of the acquired point cloud was approximately 27 points/cm 3 . The body image was divided into six segments: upper trunk (endpoints: vertebra prominens, xiphoid process), lower trunk (endpoints: xiphoid process, spina iliaca posterior superior), thigh, and shank (Zatsiorsky, Selyanov, & Chugunova, 1990) .
Statistical Analyses and Calculations
Based on gas-exchange data, a linear-regression model was developed between EE and speed, weight, inclination, and altitude. To test whether step rate was affected by the test conditions, we used a linear model with the conditions as independent variables. Statistical significance was assumed for α < .05.
Outcome of the Intervention Simulation
Under all conditions, there was a quadratic relationship between EE per kilometer and speed (Figure 1 ). According to the previously described relationship (Cavagna & Kaneko, 1977) direction of v to derive the speed with the lowest EE, which resolved to be 5.0 km/hr over all conditions:
Step rate increased linearly with walking speed (Table 1 ). There was a trend toward a reduced step rate with 7.5% inclination (p < .1), but the other conditions (weight, altitude) did not affect step rate.
The highest degree of physical exhaustion was reached in simulated altitude with 30 kg backpack weight, 7.5% inclination, and a speed of 5 km/hr. At this point, a peak heart rate of 165 beats/min was measured, and oxygen saturation was reduced to 76%.
Preparation for the Expedition
Average walking EE was predicted to be 2,748 kcal/day, resulting in a total EE of 4,944 kcal/day. Foods selected for the expedition are shown in Table 2 . With an energy intake of 2,249 kcal/day, energy balance was predicted to be highly negative ( -2,695 kcal/day, or -67,375 kcal for the expedition). Under the assumption that mainly body fat with an energy equivalent of 7,000 kcal/kg (Westerterp, 2001 ) would be lost, we predicted a weight loss of 9.6 kg.
Because the expeditionist had a fat mass of only 6.9 kg and consequently low fat reserves (2-3 kg), we advised him to gain at least 5 kg. This required a positive energy balance of approximately 35,000 kcal, which was reached over 5 weeks by changing normal endurance-training activities from cycling to walking and consequently reducing EE by 500 kcal/day. In addition, we advised the expeditionist to increase his energy intake by 500 kcal/day, mainly through energy-dense snacks and not restricting his diet. After this hypercaloric period, his body weight was 85.0 kg with a fat mass of 12.1 kg.
Expedition
Walking speed and duration were extracted from SenseWear data recorded during the expedition. On average, the expeditionist covered a distance of 26 ± 7 km during 6.9 ± 1.7 hr/day at a speed of 3.8 ± 0.4 km/hr (Table 3) , resulting in a total distance of 597 km based on SenseWear data. Retrospective analysis of GPS and map data revealed a total walking distance of 593 km. Backpack weight was 31.3 ± 5.8 kg, and average altitude was 3,103 ± 704 m. On average, the expeditionist expended 127 ± 17 kcal/km (Table 4) . During the expedition, the expeditionist's body weight fell from 85 kg to 74.5 kg (Day 26) but returned to 78.0 ± 0.5 kg within 10 days after the expedition ( Figure   2 ). Fat mass fell from 12.1 kg (before the expedition) to 3.4 kg (Day 28).
Energy intake (1,771 ± 685 kcal/day) was drastically lower during the expedition than EE (4,817 ± 794 kcal/day). Based on a negative energy balance of 70,058 kcal (-3,046 kcal/day) and a 10.5-kg weight loss (0.46 kg/day), the caloric equivalent of the lost body mass was 6,700 kcal/kg. Energy balance was slightly negative in the last days before the expedition (-302 ± 891 kcal/day) and positive after the expedition (Days 26-40: 743 ± 1,324 kcal/day). Figure 2 -Energy intake, energy expenditure, and body weight over the preparation period for the expedition (pre), the 25 expedition days, and the recovery period (post).
Segmental Morphology Assessment
The drastic weight loss was also observed in the segmental morphology assessment (Table 5 ), but volume loss was much more pronounced in the trunk, especially the lower trunk.
Reflections
This case study shows that the simulation of physiological demands can be a valuable contribution to the scientific support of extreme exercise. It was our goal to estimate EE under varying conditions as closely as possible. On the basis of these data we were able to determine whether it was possible to keep the loss of body mass during the expedition within justifiable limits. Based on data in the literature, we expected that mostly adipose tissue would be lost and that whole-body fat should not drop below a tolerable reserve of 4-5% (Hoyt & Friedl, 2006) . Based on the laboratory simulation, the speed with the lowest EE was 5.0 km/hr, which was not significantly influenced by the different test conditions (inclination, backpack weight, altitude). This is in agreement with Cavagna and Kaneko (1977) , who found that EE was minimized between 4 and 5 km/hr. The expeditionist also reported that he personally felt most comfortable at the speed of 5 km/hr. The contribution of basal EE to total EE has been found to negatively affect walking EE at speeds lower than 4 km/hr, whereas at speeds greater than 5 km/ hr, technical aspects such as the adaption of step length reduce walking efficiency (Cavagna & Kaneko, 1977) .
During the expedition, walking speed (range 2.9-4.4 km/hr) was persistently lower than the advised 5 km/hr; the expeditionist reported that the terrain kept him from walking at a faster pace.
Our values for the increase in EE caused by inclination and additional weight are in the range of those reported by Passmore and Durnin (1955) . To our knowledge, there were no adequate reference values available for increase in EE because of the combination of inclination, additional weight, and simulated altitude.
Several limitations to our model should be considered. Because of technical restrictions of the treadmill, we were unable to consider the effects of rough terrain and descent on EE. In addition, we did not validate the model in the field and over a prolonged walking period, which could have been done with a portable gas monitor during the preparation.
Furthermore, we intended to use gas-exchange data to predict fuel selection, but because our main concern was energy supply to keep the weight loss within acceptable limits, we concluded that fuel selection was predetermined by the energy density of the food. In addition, we assumed that fuel selection would vary with changing body composition and over time, so it would have been difficult to simulate adequately.
On the basis of the simulation data, we were able to predict EE and energy balance during the expedition. Because food-transport capacity was drastically limited to about 2,250 kcal/day, we expected an energy deficit of 70,000 kcal and a weight loss of about 10 kg. To minimize health effects, we advised the expeditionist to increase his fat reserves from 2-3 kg to 7-8 kg before the expedition. A similar approach has been described by St.-Pierre et al. (1996) , who reported an 8.3-kg weight gain before a polar expedition.
Our predictions were confirmed by data collected during the expedition. Average energy intake (1,800 kcal/ day) was lower than expected because the expeditionist did not tolerate several energy-dense snacks. Consequently, energy balance was highly negative (-70,000 kcal over 23 active days), and the observed weight loss of 10.5 kg was about 9% higher than expected. Fat losses were also greater than calculated, but with a fat mass of 3.4 kg (4.6%) after the expedition, the expeditionist was still in the tolerable range of 4-5% (Hoyt & Friedl, 2006) . There are very few comparable data available. Stroud et al. (1997) reported a weight loss of 21.8-24.6 kg during a polar expedition, but that expedition lasted 95 days. Consequently, the rate of weight loss (1.6-1.8 kg/week) was much lower than in our case study (2.9 kg/week).
The energy equivalent of the lost body mass of 6,700 kcal/kg was in the range of values reported in the literature (7,000 kcal/kg; Westerterp, 2001 ). The small difference between observed and predicted energy equivalent may indicate that muscle mass was also lost during the expedition, even though uncertainties in measurements and estimations may have contributed to this difference. Unfortunately, we were not able to assess body composition with dual-energy X-ray absorptiometry, which would have given more insight into the loss of fat and muscle mass. Nevertheless, segmental morphology analysis revealed a drastic volume reduction in the lower trunk, where abdominal adipose tissue is located, whereas losses in the lower body were considerably smaller.
The doubly labeled water (DLW) technique is another accepted reference method that could have improved the scientific outcome of this case report. However, the method requires constant pools of body water. Because we expected body water to decline over the course of the expedition, the DLW method did not appear practical for our purposes. According to Stroud et al. (1997) , the drastic weight loss experienced during a polar expedition negatively affected the precision of the DLW method. Furthermore, the optimal measurement duration is 2-3 isotope half-lives (Prentice, Coward, Cole, Schoeller, & Haggarty, 1990), which is around 8-10 days in highly active adults, so multiple isotope doses would have been required. Hence, we decided that the additional burden for the expeditionist, who would have had to carry the necessary equipment and adequately stored samples as additional weight, outweighed the benefits of the DLW method.
In conclusion, this case study shows that individual prediction of EE can be helpful in preparation for expeditions, especially when food intake is limited. The data consistently indicate that the negative energy balance caused by the expedition was in agreement with our laboratory predictions.
